Introduction
It has long been accepted that the sheep is a short-day breeder, in which the onset of reproductive activity occurs as daylength shortens in the autumn. Many experiments have demonstrated that exposure of ewes to artificial short daylengths in spring or early summer results in premature onset of the breeding season (Ducker, Thwaites & Bowman, 1970; Newton & Betts, 1972; Walton, Evins, Fitzgerald & Cunningham, 1980) . Furthermore, exposure of ovariectomized, oestrogen-implanted ewes to short days during the period of seasonal anoestrus results in a rapid increase in gonadotrophin concentrations (Legan & Karsch, 1980 feedback effects of oestradiol, and that these shifts in hypothalamic-pituitary responsiveness pro¬ bably form the physiological basis of seasonal reproduction in the ewe (Legan, Karsch & Foster, 1977) . Several workers have suggested that daylength-mediated changes in prolactin concentrations could play a part in the photoperiodic control of seasonal breeding in the sheep (Walton, McNeilly, McNeilly & Cunningham, 1977; Lincoln, McNeilly & Cameron, 1978) . In natural environments, this proposal fits well with the inverse relationship between prolactin concentrations and repro¬ ductive activity observed in most breeds of sheep. However, ewes of certain breeds, such as the Dorset Horn and the Merino, have been reported to begin cycling at or near the summer solstice (Yeates, 1956; Webster & Haresign, 1983) . Furthermore, testicular growth in rams often begins before the longest day (Lincoln & Short, 1980) . In view of such observations it seems unlikely that these animals could be responding to a decreasing photoperiod.
Webster Haresign & Lamming (1982) . The limit of sensitivity of the assay within this study (defined as twice the standard deviation of blank values) was 0-3 ng NIH-LH-S17 equiv./ml plasma; the inter-assay coefficient of variation was 14%, and the intra-assay coefficient of variation for randomly selected duplicate pairs was 12%. There was negligible cross-reaction with other protein hormones (ovine prolactin, FSH, GH or TSH).
Prolactin. Plasma prolactin concentrations were determined by the specific double-antibody radioimmunoassay described by Howies, Webster & Haynes (1980) with the single modification that the first antibody was used at a working dilution of 1:25 000. The intra-and inter-assay coefficients of variation within this study were 9% and 13% respectively, and the limit of sensitivity of the assay was 1*6 ng NIH-P-S10 equiv./ml plasma. The assay showed negligible cross-reaction with other major protein hormones.
Progesterone. Plasma progesterone concentrations were measured by the radioimmunoassay method of Haresign et al. (1975) . The assay showed negligible cross-reaction with other major steroid hormones. Within this study, the inter-and intra-assay coefficients of variation were 7% and 14% respectively, and the limit of sensitivity of the assay was 0-1 ng/ml. The mean extraction efficiency was 87 ± 2%.
Follicle-stimulating hormone. FSH concentrations were measured by a heterologous doubleantibody radioimmunoassay using an antiserum (M94) raised in rabbits against human FSH. The assay was based on the method described for bovine FSH by Webb, Lamming, Haynes & Foxcroft (1980) , but with the following modifications.
Ovine FSH standards (0-8-50 ng NIH-FSH-S11/tube) were made up in 200 µ assay buffer. For unknown plasma samples, 25 µ plasma were diluted to 200 µ with assay buffer immediately before measurement.
After addition of 100 µ of a 1:7500 dilution of the M94 first antibody in assay buffer containing 1:600 (v/v) normal rabbit serum, the tubes were incubated for 48 h at 4°C. This was followed by addition of 100µ1 125I-labelled rat FSH (NIAMD-Rat FSH-I-3) and a further 48 h incubation at 4°C before precipitation of the antibody-bound fraction with sheep anti-rabbit -globulin. The limit of sensitivity of this assay was 0-6 ng NIH-FSH-S11 equiv./tube (24 ng/ml plasma). Serial dilutions of a standard plasma sample ran parallel to the standard curve. The intra-and inter-assay coefficients of variation within this study were 8% and 12% respectively; cross-reaction with other major protein hormones (ovine GH, NIH-GH-S6; prolactin, NIH-P-S10 and LH, NIH-LH-S19) was < 1%.
Statistical analysis
Hormone concentrations measured in the 3-times weekly plasma samples were converted into weekly mean estimates for each animal, and subjected to a 3-or 4-factor split-plot analysis of variance as appropriate. For Text-figure 1 illustrates the long-term changes in prolactin concentrations in the various treat¬ ment groups. Ewes switched to short days showed a rapid fall in prolactin concentrations, whereas in those animals maintained in long days the prolactin levels only declined gradually; this effect of photoperiod was significant (P < 001) for both breeds. Although prolactin concentrations were initially higher (P < 0-01) in Welsh Mountain than in Dorset Horn ewes, by the end of the study ewes of all treatment groups showed broadly similar patterns of prolactin secretion. No significant differences in prolactin release were detected between entire and ovariectomized, oestrogen-treated ewes.
LH concentrations in ovariectomized, oestrogen-treated ewes LH levels were initially low in all oestrogen-implanted, ovariectomized ewes, but increased later in the experiment (Text-fig. 2 ). Dorset Horn ewes switched to short days showed a significantly (P < 001) earlier rise in LH concentrations than ewes of the same breed maintained in long days, although this was then followed by a decline towards the end of the experiment in short-day ewes. Peak LH concentrations were higher in long-day ewes than in those switched to short days. (Legan et al, 1977; Legan & Karsch, 1980; Webster & Haresign, 1983 Hafez (1952) was able to advance the onset of cyclic activity in Dorset Horns using a similar switch from long to short days. However, this difference may be attributable to the fact that ewes were switched to short days much later in the year in the current experiment.
The short-day light regimen also caused a rapid fall in prolactin concentrations in ewes of both breeds, similar to that reported for Blackface-cross ewes exposed to an 8L:16D photoperiod in summer (Walton et al, 1980) . As high levels of prolactin were not maintained throughout in ewes kept in long days, it was not possible to discount an involvement of prolactin in determining the timing of the onset of cyclic activity. However, the delay in the onset of reproductive activity in Dorset Horn ewes kept in constant long days was unlikely to be due to elevated prolactin con¬ centrations compared to the ewes of the same breed in short days, because Dorset Horns normally start cycling in the presence of high prolactin concentrations (Webster & Haresign, 1983) . Longday Welsh Mountain ewes began to cycle at the normal time of year for the breed, despite prolactin concentrations which were considerably higher than those recorded at the beginning of the breed¬ ing season under natural daylength conditions (Webster & Haresign, 1983) . It therefore seems unlikely that the differences in the timing of the onset of reproductive activity between Welsh Mountain ewes in long and short days resulted from differences in the prolactin status of these treatment groups. Such a conclusion is consistent with the observation that suppression of plasma prolactin concentrations in ovariectomized ewes treated with oestradiol during the period of seasonal anoestrus does not reduce responsiveness of the hypothalamic-pituitary axis to the negative feedback effects of oestradiol (Wright, Findlay & Anderson, 1981) .
Data of this kind raise questions about the accuracy of the classical view, based largely on data from hyperprolactinaemic women (Bohnet, Dahlen, Wuttke & Schneider, 1976) (Elliott, 1976; Goss, 1977 (Smith, 1967) and the onset of testicular growth in Soay rams (Almeida & Lincoln, 1984) . These data parallel the observations for both ewes and rams that photostimulatory short days cannot prolong the breeding season indefinitely (Howies, Craigon & Haynes, 1982; Worthy & Haresign, 1983 ).
An unexpected observation from the present study was the early decrease in LH and FSH levels in the ovariectomized, oestrogen-implanted Dorset Horn ewes that had been switched to short days. Even though gonadotrophin levels in oestrogen-treated, ovariectomized ewes usually begin to fall well before the onset of seasonal anoestrus in entire ewes of the same breed (Legan & Karsch, 1980; Webster & Haresign, 1983) (Land, Wheeler & Carr, 1976; Scaramuzzi & Baird, 1979) . This could indicate that a relatively greater shift in the responsiveness of the hypothalamic-pituitary axis to oestradiol negative feedback is necessary in mountain breeds before a given photoperiodic event can be translated into effects on the reproductive status of the animal. In the current experiment, identical implants were used in breeds with widely different bodyweights. It is therefore possible that breed differences in suppression of gonadotrophin secretion could be to some extent attributable to the implants used. However, the data of Webster & Haresign (1983) showed that seasonal changes in cyclic activity in entire ewes and LH concentra¬ tions in ovariectomized, oestrogen-treated ewes were synchronous in the same two breeds when identical implants were used, indicating that seasonal shifts in the responsiveness of the hypothalamic-pituitary axis to the negative feedback effects of oestradiol were large enough in both breeds to overcome the inhibitory feedback effects of the steroid present.
The results from this and previous studies (Worthy & Haresign, 1983) 
